The article describes the results of a retrospective analysis of medical records of 395 patients with a clinical diagnosis of leptospirosis treated at the Lviv Oblast Infectious Disease Clinical Hospital (Ukraine) between 2002 and 2016. The main risk factors for leptospirosis were contact with rodents or their excrements (26.84%) and bathing in ponds, small lakes, and reservoirs (10.63%). Among 276 patients in whom the anti-leptospira antibodies were detected by the microscopic agglutination test (MAT), the most common serotypes were Leptospira icterohaemorrhagiae (33.33%) and Leptospira grippotyphosa (25.0%). The mortality rate was significantly higher in patients where leptospirosis diagnosis was established based on clinical symptoms without confirmation by MAT (15.13% vs. 5.43%, p < 0.01).
Introduction

L
eptospirosis is a global bacterial zoonosis with protean manifestations (Bharti et al. 2003) beginning with fever and general malaise, often progressing to involvement of renal, hepatic, pulmonary, cardiovascular, and nervous systems, with or without hemorrhagic manifestations (Levett 2001) . Contaminated animal urine, tissues, or water are factors of transmission for humans. Nearly 160 mammalian species are the reservoirs and sources of infection, such as rodents, cattle, pigs, buffaloes, horses, sheep, goats, squirrels, bandicoots, and raccoons. (Zala et al. 2014 ). This disease is caused by different serogroups that belong to the species Leptospira interrogans. Disease incidence varies widely from 0.1 to 975 per 100,000 people and is affected by the climate, locality, and socioeconomic status of individuals. The highest incidence is in countries with tropical and subtropical climate, where seasonal rainfall and flood are typical. Approximately 1 million people in the world suffer from leptospirosis each year with about 59,000 fatal infections annually (Costa et al. 2015) . Case-fatality rate for leptospirosis varies from 5% to 40% (Haake and Levett 2015) . Morbidity and mortality due to leptospirosis are higher in countries where there is no epidemiological surveillance, as well as in the case of insufficient economic development with low living standards (Taylor et al. 2015) .
In Ukraine, leptospirosis is a significant cause of morbidity and mortality, and case registration is mandatory. During 2002-2016, there were 7459 cases of leptospirosis registered in Ukraine, of which 495 cases (6.6%) were registered in Lviv Oblast (Lviv Region). Nationally, the incidence in this period in Ukraine was 1.07 cases per 100,000 population; however, in Lviv Oblast a high incidence of 1.27 cases per 100,000 population was reported. Most patients diagnosed with leptospirosis in Lviv Oblast are treated as inpatients at the Lviv Oblast Infectious Disease Clinical Hospital (LOIDCH). In this study, we described epidemiological, clinical, and laboratory findings in patients admitted to LOIDCH during the study period.
Materials and Methods
Patient population
We conducted a retrospective analysis of medical records of 395 patients who received inpatient treatment at LOIDCH from 2002 to 2016. The diagnosis of leptospirosis was based on data from the epidemiological history, clinical symptoms, results of routine laboratory testing, and results of microscopic agglutination tests (MAT). MAT antibody negative patients were included in the study if they met standard clinical criteria, including fewer and at least two symptoms or signs for leptospirosis (chills, headache, myalgia, conjunctival hyperemia, skin and mucous membrane hemorrhage, rash, jaundice, myocarditis, meningitis, renal failure, and respiratory symptoms such as hemoptysis), and lacked another confirmed or probable diagnosis that explained their symptoms and laboratory findings at the time of hospital discharge. Data available in the clinical record were collected, which included epidemiologic data (possible contact with rodents or their excrements, bathing in ponds, small lakes, and reservoirs, and work in plumbing, water treatment facilities, or mining, deratization, hunting, trauma from equipment, and consuming untreated food), routine laboratory test results, and clinical data. Classification of disease severity was based on the treating physician's diagnosis of mild, moderate, or severe leptospirosis documented in the discharge or death summary. Epidemiological data were collected from patients at hospital admission.
Antibody testing for leptospirosis
Serum was obtained for testing by MAT seven or more days after the onset of symptoms. Briefly, antigens consisted of 4-day-old cultures of the Leptospira strains standardized to a density of 100 or more organisms per high-power (200 · magnification) field without spontaneous agglutination or foreign particles (e.g., precipitate). A battery of 13 pathogenic serovars, representing 11 serogroups, was used. The serovars included the following: Leptospira icterohaemorrhagiae, Leptospira javanica, Leptospira canicola, Leptospira autumnalis, Leptospira australis, Leptospira pomona, Leptospira grippotyphosa, Leptospira bataviae, Leptospira tarassovi, Leptospira hebdomadis, Leptospira pyrogenes, Leptospira ballum, and Leptospira cynopteri.
Serum was inactivated at 56°C for 30 min and then diluted with normal saline (pH 7.2-7.4) starting at 1:100. For positive samples, the final titer was determined by dilution to 1:25,600. One drop (0.05 mL) of each serum dilution was added to a well of a polystyrene plate (Poliplast) followed by one drop (0.05 mL) of leptospira antigen. Plates were covered and incubated for 1 h at 37°C.
The resulting preparation, ''crushed drop,'' was viewed by dark-field microscopy (Microscope details, e.g., Olympus IX70 or whatever, dark-field condenser OI-13) with magnification of 20 · 10 using standard preparation glasses and 15 · 15 mm cover glasses. Microagglutination was visualized as leptospira ''glueing'' and as formation of ''spiders,'' ''bows,'' and ''braids.'' Agglutination was ranked as 1+ with 25% of the leptospires clumped, 2+ with about 50% clumped, 3+ with *75% clumped, and 4+ when more than 75% agglutination occurred. The end point was the highest dilution showing a 2+ reaction. The results were considered valid only in the absence of any lysis and agglutination in negative control wells. Positive and negative control sera and a mixture of cultures with normal saline at 1:1 were tested each time the test was performed.
The criteria for serological confirmation of the leptospirosis diagnosis using MAT were detection of antibodies to one of the 13 Leptospira serovars from the diagnostic kit at titer of 1:200 or more, with agglutination of 2+ or more (in the case of one serum testing) or detection of a fourfold increase in antibody titer in paired sera (provided that lysis of one of the cultures or 1+ agglutination in titer 1:100 was detected in the first serum). In the case where a patient's serum was agglutinated with two or more serovars, attribution to a serovar was determined based on the serovar with highest final titer (maximum dilution).
Statistical methods
Patient data were recorded in a single Excel database. Statistical analysis was conducted using the following methods. The significance threshold was set at 0.05. Continuous variables were summarized using mean -standard error. Student's t-test or nonparametric Mann-Whitney U test was used for detection of statistically significant difference between groups, based on the presence or absence of the Z-distribution of data. Statistical analysis of the relative values was carried out using Fisher's exact test.
Results
Participant characteristics
During the study period, 395 people diagnosed with leptospirosis received inpatient treatment at LOIDCH, where standard inpatient treatment was with either intravenous penicillin or an intravenous cephalosporin. Among patients hospitalized with a clinical diagnosis of leptospirosis, 362 patients (91.65%) recovered and 33 (8.35%) died, and 316 were male (80.0%), and 79 (20.0%) were female, ( p < 0.001). The average age of patients was 49.8 years old. The average age of male patients (46.24 years) was significantly lower compared with females (59.54 years), p < 0.01. Most, 191 (48.35%) , were 18-59 years old. Rural residents were slightly more represented than city residents, 201 (50.88%) versus 194 (49.12%), respectively. Residents of cities were more likely to live in apartments (75.26%) than in private homes (24.74%), p < 0.01, whereas 99% of village residents lived in private houses. Mild disease was observed in 9 (2.28%) cases, moderate disease was observed in 108 (27.34%), and severe disease occured in 278 (70.38%). In 276 (69.87%) cases, anti-leptospira antibodies were detected by MAT (MAT+), and in 119 (30.13%) cases anti-leptospira antibodies were not detected (MAT-), p < 0.001. The mortality rate was significantly higher in MAT (-) patients (15.13%) than in MAT (+) patients (5.43%, p < 0.01) ( Table 1) .
The largest number of leptospirosis cases, 63 (15.95%), were hospitalized in 2010, while only 12 cases (3.04%) were admitted in 2015-2016. The highest mortality rate, 35% (7/ 20), was observed in 2003, whereas no patient died in 2009, 2011, 2013, or 2016 (Fig. 1) . Patients with the following occupational status were the most likely to get leptospirosis: pensioners (24.81%), manual workers (28.86%), and workers with unspecified occupation (31.9%). There was no difference in the occupation between MAT (+) and MAT (-) patients..
The epidemiological history was available for 233 patients (59.99%). Epidemiological risk factors were more likely to be present in the MAT (+) patients (64.1%) than in the MAT (-) patients (47.05%), p < 0.01. The most frequently reported risk factors among 395 patients were as follows: possible contact with rodents or their excrements in the home (26.84%), bathing in ponds, small lakes, and reservoirs (10.63%), and work in plumbing, water treatment facilities, 342 ZUBACH ET AL.
or mining (8.61%). Less frequently, patients reported haying (4.05%) or working in a fishery (1.77%). There was no significant difference in the MAT (+) and MAT (-) patients in identification of individual epidemiological risk factors.
Serum testing
Among 276 leptospirosis patients for whom the diagnosis was confirmed using MAT, antibody to L. icterohaemorrhagiae was detected in 92 (33.33%) patients, L. grippotyphosa in 69 (25%), L. pomona in 23 (8.33%), L. canicola in 20 (7.25%), L. hebdomadis in 11 (3.99%), and L. cynopteri in 10 (3.62%). Less frequent serogroups were L. bataviae in six (2.17%), L. javanica and L. autumnalis in four (1.45%), L. sejro in three (1.09%), L. cabura in two (0.72%), and L. ballum in one (0.36%). In 31 patients (11.23%), it was not possible to establish a single dominant serogroup.
Among the 33 patients that died, the MAT was positive in 16 (48.48%), including 9 (56.25%) with antibody directed at L. icterohaemorrhagiae. In two fatal cases (12.50%), antibodies were detected to L. grippotyphosa, two (12.50%) to L. cynopteri, and two (12.50%) to L. cabura. One patient (6.25%) had antibody to both L. icterohaemorrhagiae and L. grippotyphosa. L. icterohaemorrhagiae was identified in 83 of 260 (31.92%) MAT (+) patients who survived, compared to 9 of 16 (56.25%) MAT (+) patients that died ( p = 0.05).
Laboratory findings
Analyzing the laboratory parameters at hospital admission revealed no significant difference between MAT (+) and MAT (-) groups in the average level of erythrocytes, leukocytes, thrombocytes, ESR, creatinine, urea, and alanine aminotransferase (ALT) in blood. However, at admission the hemoglobin level was significantly higher in the MAT (-) group (125.4 g/L) compared to the MAT (+) group (120.25 g/L), p < 0.05. In addition, the level of total bilirubin at admission to the hospital was significantly higher in MAT (+) patients compared with MAT (-) patients, 173.67 lmol/L versus 125.36 lmol/L, respectively, p < 0.01. At discharge, a Mean values for leukocytes, thrombocytes, ALT, bilirubin, and creatinine at the time of admission and the time of discharge or death for patients who survived versus patients that died are shown in Figure 2 . At the time of admission, leukocyte and bilirubin levels were significantly higher, and erythrocyte and thrombocytes were significantly lower in patients who died. At the time of discharge or death, leukocyte, creatinine, and bilirubin levels were significantly higher and erythrocyte and thrombocytes were significantly lower in patients who died. Significant differences were found in the same parameters at the time of discharge or death (Fig. 2) . In addition, blood urea nitrogen was also significantly higher at the time of admission and at the time of discharge or death in those who survived versus those who died (data not shown).
Discussion and Conclusions
In this retrospective study, we describe the clinical and epidemiological characteristics of 395 cases of leptospirosis in whom the diagnosis was confirmed by MAT in 276 (69.87%) patients. In most published reports, only patients with a laboratory confirmed diagnosis were included (Katz et al. 2001 , Leshem et al. 2010 . Less commonly, researchers include patients with clinical signs of leptospirosis without laboratory confirmation (Ko et al. 1999 ).
Of note, mortality was significantly higher in patients where leptospirosis was confirmed based on clinical signs, but MAT results were negative. To our knowledge, this finding has not been reported in previous studies. Possible explanations for this difference in mortality include the following: first, in patients who died in early stages of the disease, there may not have been enough time for antibodies to form. Alternatively, some MAT (-) deceased patients could have died from other diseases such as hemorrhagic fever with renal syndrome (HFRS) or CrimeanCongo hemorrhagic fever (CCHF) that have similar presentations (Markotić et al. 2002 , Golubić and Markotić 2003 , Agampodi et al. 2011 , Seifi et al. 2016 .
According to the literature, leptospirosis severity and mortality is higher in cases where the causative agent is L. icterohaemorrhagiae (Leshem 2010 , Tubiana et al. 2013 . We have found the same result. In majority of fatal cases that were laboratory confirmed, this serogroup caused the disease.
It should be mentioned that leptospirosis mortality rate has a wide range; 15-17% case fatality rate was reported in studies from Brazil (Ko et al. 1999 , Spichler et al. 2008 . In research that was conducted in Greece, lethality was 30% (Velissaris et al. 2012) . In another study conducted in India, lethality was 52% (Chawla et al. 2004 ). In our study the lethality rate is 8.35%, which is significantly lower compared to the mortality rates from leptospirosis reported from other countries.
One of the strengths of our study is that it included significant number of patients, 395, studied over a long period
FIG. 2.
Mean results of selected routine tests on the day of admission and at discharge (or death) from the hospital in patients that survived versus those that died from leptospirosis. Results were compared using the Mann-Whitney U test. ( [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . All patients were treated in the same hospital, which provided the same approach to the diagnosis and treatment for patients, including access to the same critical care unit. Blood from all patients was tested for antibodies in a single reference laboratory using the same assay throughout studying period. A limitation of the study is that the retrospective design limited our information about patients to data available in routine medical records, including the treating physician's assessment of disease severity. Another limitation of this work is the low specificity and sensitivity of MAT during the initial 7-14 days of disease used for the confirmation of leptospirosis in our patients since the specificity and sensitivity of MAT peaks at the third or fourth week after the symptom onset (Veerappa Budihal et al. 2014 , Niloofa et al. 2015 . However, even when samples from the third or fourth week are available for testing by MAT, the specificity and sensitivity were not 100% (Cumberland et al. 1999 , Di Limmathurotsakul et al. 2012 . It is also impossible to exclude the possibility of cross-reactions using the MAT that could potentially influence the accuracy of identification of particular serological group of leptospira. It is also possible that we detected of pseudo-positive reactions of MAT through cross-reacting antibodies to other spirochetes, including Lyme borreliosis and syphilis. Unfortunately, during the study period, we did not have the PCR method to confirm the diagnosis of leptospirosis.
We are encouraged by the fact that PCR testing of urine and blood for leptospira became available for our hospital at the end of 2016. Testing of urine samples using PCR gives positive results in urine within the first week of the disease when MAT results are still negative (Bhatia and Umapathy 2015) . The literature suggests that the combination of MAT and PCR for diagnosis of leptospirosis is considered the gold standard (Agampodi et al. 2016) . We hope that the use of this technique will increase the frequency of specific identification of the diagnosis of leptospirosis in the early stages of the disease. We also hope that we will be able to implement the use of specific diagnostics for viral diseases such as HFRS and CCHF.
